The building of large dams in the Upper Paraná River basin altered the discharge regime at the Porto São José River section. The discharge regime has been altered since 1972, but the changes intensified after the Porto Primavera damming, in late 1998. Considering that discharge control affects the relationship between channel and floodplain, this work aimed to evaluate the intensity of the discharge control that resulted from the operation of the Porto Primavera Dam. To achieve this objective, statistical analyses were carried out based on the Porto São José Fluviometric Station historical series of river level readings and discharge, between 1964 and 2007. Results showed that the average discharge increased from 1964 to 1981 and diminished after river damming. The increase of average discharge rates was followed by an increase of the duration of higher discharges at different levels of geomorphologic and limnological importance, and the reduction of average discharge during the last observed period was followed by a disproportionate decrease in the duration of the abovementioned discharges. Moreover, it is clear that the relationship between fluviometric level and fluvial discharge changed, which implies that a certain river level reading represents a higher discharge than necessary before river damming.
Introduction
The historical series of the Porto São José River Fluviometric Station shows that the Paraná River discharge regime changed after the operation of other dams upstream from this area. Discharge regime changes occurred as other reservoirs were built, regulating the Paraná River fluviometric level (Rocha et al., 1998; 2001; Rocha, 2002) . The construction of Porto Primavera Dam, completed in November 1998, intensified such control (Silva, 2007) .
Geomorphologic changes occur because of river discharge regulation. The relationship between channels and the fluvial plain also changes, either by magnitude, duration (number of days above a given reading level), periodicity, frequency, water flow rate (Rocha, 2002) , sediment transport (Souza Filho, 1999; Rocha, 2002; Crispin, 2001; Martins and Stevaux, 2005; Hayakawa, 2007) , or by river channel alterations (Souza Filho, op. cit.; Souza Filho et al., 2004) . Under such circumstances, flood ex-Primavera Dam and a few kilometers downstream from the Paranapanema River mouth. The station register is 64575003 (ANA -Water National Agency). Its historical series started on October 1 st , 1963. There is another station approximately 90 km downstream, named Porto Caiuá, whose register number is 64618500. It is located upstream from the Ivaí River mouth. Its historical series started on June 8 th , 1989. There is only one important affluent between both stations, the Ivinheima River.
The Paraná River has multiple channels separated by large river islands (Figure 1) , and it can be characterized as a multichannel river system. The riverbed was mostly formed by large bed forms (sand macro-waves, subaqueous macro-dunes, sand waves and subaqueous dunes) and large cross-channel bars (Souza Filho and Stevaux, 1997a; 1997b; 2004) . Today, most of the bed forms have disappeared or diminished, except the large river bars (Souza Filho et al., 2004) .
The river-floodplain system is wide and lies on the right bank (state of Mato Grosso do Sul), although istent, plain flood duration and sediment transport change. Geomorphologic modifications alter the processes and structure in both channel and plain, and consequently, connectivity between river and the plain is also altered (Corradini, 2006; Ibarra, 2008) .
Assuming that the disturbing source is the discharge regime, this paper aimed to evaluate the intensity of the outflow controlled by the Porto Primavera Dam, based on the Porto São José Station fluviometric data. It also aimed to discuss some consequences on the river dynamics of the Paraná River segment downstream from this dam.
Study area
The study area is located on the border of the fol- the Ivinheima River meet, and then they flood the entire plain (Comunello et al., 2003) . There are no river data to characterize the Baía river dynamics.
During floods, Parana River water flows into the plain and groundwater rises until lentic bodies connect to each other. When this occurs, the Porto São José Station reads 3.5 m (discharge of 9,900 m³/s) according to Rocha (2002) and Thomaz et al. (2004) . When the river level reaches 4.6 m (12,745 m³/s), the Curutuba/ Ivinheima areas flood due to water inflows by the lowlying banks of river channels and lakes. The intermediate parts of the plain start flooding at 6.0 m (16,356 m³/s), and the higher lands are flooded at 7.0 m (19,335 m³/s). These data were obtained from Rocha (2002) , confirmed by Meurer (2004) and by Corradini (2006) , all showing little difference on river levels.
During the Ivinheima River floods, the onset of the water inflow by groundwater has not been determined yet, but the plain starts flooding at 2.5 m (472 m³/s) at the Ivinheima River Station. General flooding starts at 4.0 m (890 m³/s), according to Rocha (2002) and Meurer (2004) .
The plain is affected in a distinct way according to the three above mentioned river dynamics. Rocha (2002) defined the influence areas of each river's course, and lands also represent a significant portion of the plain (Figure 1 ). The plain is cut by active river channels (Baia River, Curutuba River channel and Ivinheima River) and by sub-active channels where water flows only during flooding periods. In addition to these forms, there is a considerable set of lakes, streams and areas subject to flooding (flooding basin), intermediate areas (deposits of crevasse splay), and higher areas (paleobars, natural levees) (Figure 2) . Such features represent different subenvironments of an anastomosed system, which was active until 1,500 years ago. (Souza Filho, 1994) and was partially modified by the current forms.
Different altitudes are determined on the floodplain by the distinct geomorphologic features, although they are only a few meters high. On one hand, a rise of the Paraná River water level may waterlog or flood large areas. On the other hand, a water level decrease may dry up large areas of the plain. Similarly, the water level variation may connect or disconnect lentic water bodies with the river system.
Plain water inflow may occur due to the floods of the Paraná River, Ivinheima River or the Baía River (in case of local downpours). Paraná River floods, Ivinheima River floods, or floods from both rivers initially affect the plain at the point where the Curutuba channel and charge. The approach analyzed the correlation (Pearson) between the data for river level and discharge rates of the Porto São José series (from 1964 to 2007) to check alterations that occurred during the research period. The coefficient of determination (R 2 ), obtained by fitting a polynomial regression of each time interval between data on fluviometric levels and discharge, was used to evaluate the association between these variables. The same procedure was applied to check the stage-discharge curve used before 1998.
The comparison between the stations was carried out with data from 1990 to 2006. This time interval was used because data for river level readings from Porto Caiuá Station are limited to this period of time. The R 2 of a polynomial regression was also used to evaluate the association between the data for river level readings and the discharge rate of both stations.
Results
Porto São José Station river level readings showed a systematic modification beginning in 1972; since then, the average values for river levels increased. Before 1972, the annual average of the daily average discharge levels recorded at Porto São José Station was 2.34 m (6,501 m³/s), and between 1972 and 1998, it increased to 3.48 m (9,150 m³/s) (Rocha et al., 1998) . These authors noticed that during the mentioned period, the duration of the lowest discharges was reduced, and that from 1982 to 1993 (the last year analyzed by these authors), the duration of low discharges was even more reduced, whereas the duration of high and average discharges and floods increased considerably.
Later work conducted by Rocha (2002) 
Material and Methods
Available bibliographic data, including river geomorphology, Paraná River discharge dynamics and historical series of the Porto São José and Porto Caiuá Stations' level readings and discharge rates were employed to carry out this work. Literature analysis followed the temporal order of the papers, since each paper approached river data before its completion. River data were taken from ANA (HidroWeb) and updated with data supplied by ITAIPU Binacional.
Data of river level readings were analyzed in order to obtain the annual average level readings from 1964 to 2007. These data were grouped in different time intervals, according to the control level performed by dams (from 1964 to 1971; from 1972 to 1981; from 1982 to 1998; and from 1999 to 2007) . Time intervals are discussed below. As defined by Rocha (2002) , data for river level were organized in order to facilitate the assessment of river discharge for each time interval, as a way of evaluating the geomorphologic action of the waters over the plain and the connection intensity between lentic bodies and river channels.
Finally, Porto São José and Porto Caiuá Station data were compared in order to check the modifications in the relationship between hydrologic level and fluvial dis- 1965 and 1967, whereas annual average minor discharges occurred in 1969 and 1971 (Figure 5a ). The discharge duration in different river intervals is shown in Figure 4a . The years 1965 and 1966 must be highlighted because of river levels greater than 7 m, and the year 1969 must be highlighted due to a non-significant discharge.
During the Transitional Period, the average river level was 3.22 m (8,500 m³/s), and, because of high annual averages (Figure 5b) , the years 1976 and 1980 must be highlighted. The lowest annual average discharge occurred in 1975, even though the annual average level was higher than 2.5 m. The discharge duration in different fluviometrical levels is shown in Figure 4b . In 1974 In , 1977 In , and 1980 , the water level rose over 7.0 m high, whereas in 1972, 1975, and 1979 , the water level did not rise higher than 6.0 m, although it had risen over 4.6 m.
During the Regulated by the Cascade of Dams Effect Period, the average level was considerably raised (3.62 m, equivalent to 9,550 m³/s), which was due to the high river discharges that occurred in 1982 and 1983; the greatest flood event ever occurred in the Paraná River, considering available data. Moreover, the annual averages of the other years were also high ( Figure 5c ). The duration in each interval is shown in Figure 4c . The year Silva's (2007) average values of minimum and maximum discharges for the three periods showed that during the first period, the water level reading varied between 1.91 and 6.90 m. During the second period, the water level readings varied between 2.10 and 6.34 m, and during the third period, the water level readings varied between 1.90 and 5.24 m. Such data show the gradual control of dams, which significantly reduced the range of water level variation.
The annual average river levels and duration of river discharges
Differences between the abovementioned periods are better observed when the numbers of days on which the water level reached or exceeded the geomorphologic and limnological significant river level readings are compared. Figure 4 shows the number of days on which the river reached or exceeded the 3. 1983 is noteworthy because of the large flood mentioned above. In 1986, there were no big flood events, in terms of magnitude or duration, although it had an annual average discharge close to 3.0 m. Finally, during the Regulated by the Porto Primavera Hydroelectric Power Plant Period, the average river level reading was 2.94 m (7,974 m³/s). In this period, annual average levels decreased until the year 2001 (Brazil energy crisis) and increased again until the year 2007. However, the annual average levels remained below 3.5 m (Figure 5d ). The durations of the discharges are shown in Figure 4d . The values show the absence of significant flood events, since the water levels were below 7.0 m during this period. Only in 2005 and 2007 did the water level rise above 6.0 m. Figure 6 shows graphs based on the analysis of polynomial regression of the data from river levels and daily average discharges of each river interval. It is clear that the association between the variables was high, since each R 2 is higher than 0.92. However, the dispersion of the points in the first two periods shows that the use of the rating-curve was incorrect in several instances.
Relationship between river level and outflow
Differences between regression curves show that the fluvial section changed over time. Consequently, the relationship between the river level and the discharge also changed. Such modifications may be natural or manmade. Once known and expected, fluvial sections monitored for water level are periodically reevaluated in order to update their rating-curves. These reevaluations show that differences between regression curves show that the rating-curve changed throughout the recorded period, and that the river levels used in this work correspond to different values of discharge in the adopted time intervals.
The temporal variation of fluvial discharge values corresponding to each fluviometrical level is shown in Table 1 . If the levels 3.5 and 4.6 m are considered, the values show that the discharge necessary to reach these levels diminished successively from the first period to the third period and increased in the fourth period. However, if the level 6.0 m is considered, the values show that the discharge value diminished from the first period to the second period, increased from the second period to the third period, and finally diminished in the fourth time interval. In turn, the 7.0 m discharge increased during the three first periods and was reduced after the year 1999.
The data in Table 1 show that after the river damming (by the Porto Primavera Dam), the Porto São José section needed higher discharge rates to reach river levels close to or lower than 4.6 m and lower discharges to reach fluviometrical levels close to or lower than 6.0 m. However, the dam interrupted the supply of detritic material to the river, and consequently, the Porto São José section has been modified, according to Souza Filho et al. (2004) . As the fluvial section was modified, the relationship between the fluviometrical levels and the fluvial discharges may have been modified as well. Thus, the section rating-curve might not be valid anymore. The regression analysis of river level and outflow data, for every year between 1999 and 2007, shows that the curves are statistically similar (Figure 7 ). This shows that the discharge values for the entire period were achieved considering the same rating-curve.
In order to check the rating-curve adjustment, the Porto São José Station river level data were compared with Porto Caiuá Station data. The same procedure was employed to evaluate the river discharge data. The value of the correlation between Porto São José and Porto Caiuá river level data was higher from 1990 to 1998 than from 1999 to 2006. The same occurred with the correlation between the fluvial discharges of both stations ( Table 2 ). The reduction in the values of the Pearson correlations (0.96 to 0.92) showed that the relation between both stations was modified, and that river level and discharge data confirm such a possibility because the values corresponding to the same river level differed in both time periods.
The variation of river level and river discharge at the Porto Caiuá Station related to the 3.5 m level in Porto São José (Table 2) was coherent with the Porto São José Station discharge increase. This did not occur for other reference levels. In this case, the Porto Caiuá data indicated that the Porto São José rating-curve values underestimated the discharge values of the river level readings equal to or greater than 4.6 m.
Stronger evidence of the Porto Primavera Dam's influence is the duration (number of days) of the river levels above 3.5, 4.6, 6.0 m and 7.0 m ( Figure 9 and Table 3 ). In this case, the duration of discharges when river level readings were above 3.5 m gradually increased. After the river damming (by the Porto Primavera Dam), the duration was reduced considerably. The data for the last period highlight both the reduced value of the duration in river level readings above 6.0 m and the absence of floods with river levels above 7.0 m. Moreover, it must be noted that the average discharge of this period was
Discussion
The analyses based on river level data and fluvial discharge rates showed that the average level and the discharge increased period after period. Nevertheless, in the last time interval, the values were reduced but were still significantly above the values of the first period (Figure 8) . Rocha et al. (1998) had already observed the increase of values, but they worked with discharge data, and the values of average river level were not coincident. However, neither the period nor the annual average discharge change indicated that dams have influenced such values since the discharge variation could be natural, caused by increases in precipitation. inflow, but they mainly affect the homogenization conditions on high magnitude flood events. If the efficiency of runoff keeps improving, and dam operators do not increase water release during flood periods, the connection between the floodplain and the Paraná River channel may disappear in the near future.
higher than during the Natural Period, concerning both river level and outflow values (Figure 8) .
The Porto Primavera Dam reduced the duration of every discharge above the 3.5 m river level ( Figure 9 , Table 1 ). This means that the influence of the channel on the plain has lessened and that the different degrees of connection between the fluvial channels and the lentic bodies have diminished.
This situation might have been aggravated by the channel alterations because they modify the relationship between the river level and the discharge in the upstream segment. Considering that the Porto Caiuá section has not been significantly modified, it is possible to simulate the probable discharge that could have happened in Porto São José. Table 4 shows both the values registered in Porto São José by means of the rating-curve and the values calculated using Porto Caiuá Station data.
A comparison between the values in Table 4 shows that the Porto São José Station rating-curve underestimated the discharge values of the fluvial section. Considering that these data coincide with the channel modification period, it is possible that later values were even more underestimated. Such data indicate that the channel modifications increased the efficiency of the drainage system. Consequently, a higher discharge is necessary to reach a certain level. These data suggest that the frequency in which water reaches higher levels and the discharge duration in higher levels were reduced, diminishing the connection between the river and the plain.
Conclusion
The analysis of the Porto São José Station data shows that, even though the existing upstream dams already controlled the Paraná River discharge, the Porto Primavera Dam operation reduced both the river discharge magnitude and that the highest discharge durations occurred after 1998.
The comparison between data from the Porto São José and Porto Caiuá Stations showed that Porto São José River section modifications changed the relationship between the river levels and the fluvial discharge. It also showed that a higher discharge rate is now necessary to reach a certain water level. Both situations affect the flood dynamics: they reduce the connection between the river and the plain, and they affect the low-level water 
